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(54) MP3 car player 

(57) Disclosed is a MP3 car player which prevents a 
compact disk (CD) player equipped in a car from discon- 
tinuing playing of a CD as a result of bumpy road condi- 
tions, etc., is able to use both conventional CDs and 
MP3 CD-ROMs, and compresses and decompresses 
audio data at a high compression ratio to enable the 
recording of 150 - 200 songs in a single CD-ROM with- 

FIG.l 



CD/CD-ROM 



out the loss of sound quality, thereby making use of the 
expensive CD changer unnecessary. The present 
invention comprises a file type detector, an MP3 file 
input unit, a peripheral interface unit, a controller unit, 
an MP3 decoder, and a digital/analog converter. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001] The present invention relates to a Moving 
Picture Experts Group (MPEG) audio layer-3 (MP3) 
player. More specifically, the present invention relates to 
a MP3 car player equipped with a compact disk (CD) 
player in which interruptions in the playing of CDs 
caused by bumpy road conditions, etc. are prevented, 
and which is able to compress and decompress digital 
audio data at high compression rates without loss of 
sound quality. 

(b) Description of the Related Art 

[0002] . Conventional car CD players use a memory 
in order to prevent discontinuous sound playing. How- 
ever, the small capacity of the memory is such that 
these interruptions can not be completely prevented. 
Also, since the CD player only plays audio CDs, the CD 
player cannot process data on the CD Read Only Mem- 
ory (CD-ROM) which holds far greater compression 
rates. 

[0003] In most cases, the MP3 player is used 
together with a personal computer (PC) which performs 
downloading and decoding of audio data before upload- 
ing into the player. Since the PC utilizes software to per- 
form these functions, the MP3 player is ultimately 
dependent on the performance of the PC, thereby mak- 
ing real-time implementation difficult unless the user 
owns a top-of-the-line PC. Such use together with a PC 
also limits portability. Further, even if the MP3 player is 
equipped allowing full portability (i.e., to internally per- 
form downloading and decoding), high power consump- 
tion is a serious drawback that results in a reduced 
amount of time the user can use the MP3 player on bat- 
tery power. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide an MP3 car player having a large memory allowing 
audio data to be temporarily stored and output, and 
which can use both the conventional CD and CD-ROM, 
thereby removing the need for the expensive CD 
changer often used together with CD players installed in 
automobiles. 

[0005] It is another object of the present invention to 
provide an MP3 car player which implements the use of 
an MPEG audio layer-3 chip to drive an MPEG decoder, 
and realizes the integration of peripheral circuits and an 
interface unit in a separate, single chip. 
[0006] In one aspect of the present invention, the 
MP3 car player comprises a display unit displaying infor- 
mation of replaying audio data; a keypad controlling 



drives of compact disks (CDs) and compact disk read 

only memories (CD-ROMs); a speaker unit outputting * 

the audio data in a format audible to the human ear a file 

type detector reading source data of the CDs and CD- 

5 ROMs and determining whether the file of the data is an 
ordinary audio CD file or an MP3 audio file: an MP3 file 
input unit receiving the MP audio file detected from the 
file type detector, and detecting errors and temporarily 
storing the data in a first memory; an MP3 decoder 

10 receiving the MP3 data from the MP3 file input unit and 
restoring compressed data by use of a Huffman decod- 
ing method, and converting the data into pulse code 
modulation data; a controller unit reading the data 
stored in the MP3 file input unit, controlling the display 

15 unit and the keypad, and writing data to the MP3 
decoder; a peripheral interface unit controlling the con- 
trol signals between the display unit, the keypad, and 
the controller unit; and a digital/analog converter receiv- 
ing ordinary audio CD data from the file type detector or 

20 receiving pulse code modulation digital data from the 
MP3 decoder and converting the data into analog data 
and outputting the data to the speaker unit. 
[0007] The MP3 file input unit comprises an inte- 
grated development environment (IDE) interface unit 

25 receiving MP3 audio files determined by the file type 
detector and performing IDE communications for use in 
a memory card; an error detector receiving the MP3 file 
data through the IDE interface unit and checking 
whether or not the data are normally received, and 

30 when errors are detected in the data, returning to an ini- 
tialization step; and a memory block receiving 
addresses of a second memory, chip selection signals, 
and read and write signals from the controller, and con- 
trolling the second memory when temporarily storing 

35 the errorless MP3 data in the first memory in order to 
decode the errorless data before transmitting the data 
to the MP3 decoder. 

[0008] The peripheral interface unit comprises a 
display interface unit performing interface operations on 

40 displaying items such as titles of audio data or track 
numbers on the display unit; and a keypad interface unit 
controlling the operations between the keypad and the 
controller, the operations including controlling keys 
which operate the CDs and CD-ROMs and selecting 

45 rows and columns of the keypad. 

[0009] The controller unit comprises a controller 
reading the data stored in the MP3 file input unit, and 
displaying information of the audio data on the display 
device, and outputting the data to the MP3 decoder 

so according to input from the keypad; and a third memory 
storing instructions to drive the controller, address map 
information, and bootstrap signals to initialize the oper- 
ation when power is supplied. 
[0010] The MP3 decoder comprises an MP3 inter- 

55 face unit handling the data received from the MP3 file 
input unit for each serial bit; a control and status register 
controlling a response signal which conveys information 
of whether or not the data provided to the MP3 interface 
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unit have errors to the controller, and displaying an 
empty or full status of the provided data; a fourth mem- 
ory receiving serial data from the MP3 interface unit and 
storing the data; a parser receiving data from a fifth 
memory and encoding the data using the Huffman 
decoding method; an inverse modified discrete cosine 
transform unit performing inverse modified discrete 
cosine transform on the data encoded from the parser, 
and transforming the data into pulse code modulation 
data; a sixth memory temporarily storing the pulse code 
modulation data; and a pulse code modulation interface 
unit receiving the pulse code modulation data from the 
sixth memory and outputting the data to the digital/ana- 
log converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are 
incorporated in and constitute a part of the specification, 
illustrate an embodiment of the invention, and, together 
with the description, serve to explain the principles of 
the invention: 

FIG. 1 is a schematic diagram of an MP3 car player 
configuration according to a preferred embodiment 
of the present invention; 

FIG. 2 is a block diagram of an MP3 decoder shown 
in FIG. 1; and 

FIG. 3 is a flow chart of an operation of the MP3 
player shown in FIG. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] In the following detailed description, only the 
preferred embodiment of the invention has been shown 
and described, simply by way of illustration of the best 
mode contemplated by the inventor(s) of carrying out 
the invention. As will be rearized, the invention is capa- 
ble of modification in various obvious respects, all with- 
out departing from the invention. Accordingly, the 
drawings and description are to be regarded as illustra- 
tive in nature, and not restrictive. 
[0013] FIG. 1 shows a schematic diagram of an 
MP3 car player configuration according to a preferred 
embodiment of the present invention. 
[001 4] A file type detector 1 00 receives source data 
of CDs and CD-ROMs. Output terminals of the file type 
detector 100 are coupled to an integrated development 
environment (IDE) interface unit 201 (or digital/analog 
converter depending on file type). The IDE interface unit 
201 receives MP3 audio files from the file type detector 
100. 

[0015] An error detector 202 receives the MP3 
audio files from the IDE interface unit 201, and either is 
reloaded and returned to an initialization step or the 



error detector 202 outputs data to a memory block 203, 
depending on whether or not errors are present in the 
audio data. The IDE interface unit 201, the error detec- 
tor 202, and the memory block 203 comprise an MP3 
5 file input unit 200. 

[0016] The memory block 203 receives the MP3 
audio files from the error detector 202 and temporarily 
stores the files. 

[0017] A controller 401 receives and transmits 
w memory address control signals from/to the memory 
block 203, and a ROM 402 receives and transmits boot- 
strap signals from/to the controller 401 . 
[0018] A liquid crystal display (LCD) interface unit 
301 and a keypad interface unit 302 receive and trans- 
15 mit control signals from/to the controller 401. The LCD 
interface unit 301 and the keypad interface unit 302 
comprise a peripheral interface unit 300. 
[0019] An MP3 decoder 500 receives the data 
stored in the memory block 203, and receives and 
20 transmits data status control signals from/to the control- 
ler 401. 

[0020] A digital/analog converter 600 receives 
audio CD data from the file type detector 100, or 
receives pulse code modulation digital data from the 
25 MP3 decoder 500, converts the data into analog data, 
amplifies the data in an operational amplifier (not 
shown), and outputs the converted and amplified data 
to a speaker. 

[0021] An operation of the MP3 car player will now 
30 be described with reference to FIG. 1 and the flow chart 
of FIG. 3. First, the file type detector 100 receives audio 
data and detects whether the file of the audio data is an 
ordinary CD file or an MP3 file in step S100. 
[0022] If the input audio data are ordinary audio CD 
35 files, the pulse code modulation audio digital data are 
transmitted to the digital/analog converter 600 in step 
S105, after which the digital data are converted into 
analog data in step S160. Next, the analog data are 
amplified and output to the speaker in step S170. 
40 [0023] If it is determined in step S1 00 that the input 
audio data are MP3 files, the data are provided to the 
MP3 file input unit 200 where the data pass through the 
IDE interface unit 201 and are transmitted to the error 
detector 202. 

45 [0024] The MP3 file input unit 200, performing IDE 
communications in the IDE interface unit 201 for use in 
a memory card, is a type of disk drive interface which 
uses direct memory access (DMA) channels. The error 
detector 202, after receiving the data from the IDE inter- 

50 face unit 201 , checks whether there exist any errors in 
the data of the input MP3 files in step S1 1 0. If it is deter- 
mined by the error detector 202 that there are errors in 
the MP3 files, the error detector 202 is reloaded and the 
operation of the MP3 piayer is returned to the first step 

55 in step S120. However, if it is determined in step S1 10 
that there are no errors in the input MP3 files, the mem- 
ory block 203, in step S130, stores the errorless MP3 
data for a subsequent decoding operation, transmits the 
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data to the MP3 decoder 500, and receives addresses 
of a flash memory, chip selecting signal, read/write sig- 
nal from the controller 401 in order to control the data. 
[0025] The peripheral interface unit 300 receives 
the errorless MP3 data, and, in step S140, performs an 
interface function through (a) the LCD interface unit 301 
for the display of the titles of the audio data, track num- 
bers, etc., and (b) the keypad interface unit 302 for ena- 
bling the user to control various operations of the MP3 
player. With regard to the interface with the keypad 
interface unit 302, keys such as play, pause, next, and 
back are provided so the user is able to control opera- 
tions between a keypad of the keypad interface unit 302 
and the controller 401 . 

[0026] Following the above, the MP3 decoder 500 
receives the MP3 data from the memory block 203 after 
the data has passed through the controller 401, and 
decompresses the compressed data using the Huffman 
decoding methodafter which the MP3 decoder 500 con- 
verts the data into pulse code modulation data then 
transmits the data to the digital/analog converter 600 in 
step S150. The digital/analog converter 600 converts 
the data received from the digital/analog converter 600 
into analog data in step S160, then amplifies the data in 
the operational amplifier and outputs the data to the 
speaker in step S170. 

[0027] During the operation of the MP3 player 
described above, the controller unit 400 performs con- 
trol such that the controller 401 selects the address of 
the flash memory of the memory block 203, the error 
detector 202 receives data according to a read signal, 
the titles of the audio data or track numbers are dis- 
played by the LCD interface unit 301 , input of the key- 
pad is received from the keypad interface unit 302, and 
the data stored in the memory block 203 are output to 
the MP3 decoder 500 according to a write signal. 
[0028] The ROM 402 stores instructions to drive the 
controller 401, address map information, and bootstrap 
signals to initialize the operation of the MP3 player when 
power is supplied. 

[0029] The MP3 decoder 500 will now be 
described. 

[0030] FIG. 2 is a block diagram of the MP3 
decoder 500 shown in FIG. 1 . 

[0031] The MP3 decoder 500 comprises an MP3 bit 
stream interface unit 501; a control/status register 502; 
a parser 503; an inverse modified discrete cosine trans- 
form (MDCT) unit 504; a fifth memory 506; a sixth mem- 
ory 507; and a pulse code modulation interface unit 505. 
[0032] The MP3 bit stream interface unit 501 
receives MP3 bit stream data from the MP3 file input 
unit 200, and sequentially processes the MP3 data into 
units of bits. The control/status register 502 controls a 
response signal which conveys the information on the 
errors of the received data to the controller unit 400 in 
order to perform decoding, and indicates a full or empty 
status of the received data. 

[0033] The fifth memory 506 receives and stores 



the serial data from the MP3 bit stream interface unit 
501 . The fifth memory 506 is implemented in a dual port 
random access memory (RAM). 
[0034] The parser 503 receives data from the fifth 

5 memory 506, and encodes the data using the Huffman 
decoding method. The Huffman decoding method is a 
statistical encoding method in which frequently gener- 
ated data codes are represented with a small number of 
bits, while data codes that are not frequently generated 

w are represented with a relatively large number of bits, 
thereby reducing the overall-size of the data. In the 
method, generation counts of the data to be com- 
pressed must be checked, and the generation counts 
are stored in a counting table, after which optimized 

15 codes are assigned to each data. 

[0035] The inverse MDCT unit 504 converts the 
data encoded in the parser 503 into pulse code modula- 
tion data through the inverse MDCT In discrete cosine 
transform (DCT), natural sound is broken down into fre- 

20 quency components from low to high frequencies, and 
high frequency components are removed using the 
characteristic in which sound concentrates in low fre- 
quency components, thereby compressing the data. 
However, since distortions occur in the compression 

25 and expansion processes, the data are not completely 
restored into original form. In order to prevent this prob- 
lem, a modified DCT (MDCT) has been developed. The 
MDCT precisely divides the frequency band so as to 
efficiently use perceptual audio coding and psychoa- 

30 coustic compression to remove all superfluous informa- 
tion (i.e., the redundant and irrelevant parts of a sound 
signal that the human ear does not hear). An encoder 
divides the input data into detailed frequency bands. A 
cosine transform operation is performed on the fre- 

35 quency bands. Coefficients obtained from the cosine 
transform operation are divided into direct current com- 
ponents and alternating current components, and are 
independently quantified, thereby achieving a very large 
rate of data compression. The MDCT performed in 

40 reverse results in inverse MDCT. 

[0036] The sixth memory 507, which is comprised 
of first-in first-out memories, temporarily stores the 
pulse code modulation data converted in the inverse 
MDCT unit 504, and outputs the data to the digital/ana- 

45 log converter 600 through the pulse code modulation 
interface unit 505. 

[0037] In the MP3 car player of the present inven- 
tion as described above, a large capacity of audio data 
is temporarily stored in memory and output by control of 

so the user such that interruptions in the playing of audio 
data (caused by bumpy road conditions, etc.) by a com- 
pact disk (CD) player equipped in a car are prevented. 
Further, the MP3 car player of the present invention is 
able to use both the conventional CD and MP3 CD- 

55 ROMs, and is capable of compressing and decom- 
pressing audio data at a high compression ratio to allow 
the recording of 150 - 200 songs on a single CD-ROM 
without losing any sound quality. Such a feature makes 
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the use of the expensive CD changer typically used with 
automobile CD players unnecessary. In addition, since 
an exclusive chip for performing MP3 functions can be 
implemented in hardware, the MP3 audio data can be 
played in realtime and without the need for a PC. Also, 5 
the peripheral circuit and interface circuit can be imple- 
mented in a single chip so that chip area and power 
consumption are reduced. 

[0038] While this invention has been described in 
connection with what is presently considered to be the 10 
most practical and preferred embodiment, it is to be 
understood that the invention is not limited to the dis- 
closed embodiments, but, on the contrary, is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 15 
appended claims. 

Claims 

1 . An MP3 car player, comprising: 20 

a display unit displaying information of replay- 
ing audio data; 

a keypad controlling drives of compact disks 25 
(CDs) and compact disk read only memories 
(CD-ROMs); 



receiving pulse code modulation digital data 
from the MP3 decoder and converting the data 
into analog data and outputting the data to the 
speaker unit. 

2. The MP3 car player in claim 1 , wherein the MP3 file 
input unit comprises: 

an integrated development environment (IDE) 
interface unit receiving MP3 audio files deter- 
mined by the file type detector and performing 
IDE communications far use in a memory card; 
an error detector receiving the MP3 file data 
through the IDE interface unit and checking 
whether or not the data are normally received, 
and when errors are detected in the data, 
returning to an initialization step; and 
a memory block receiving addresses of a sec- 
ond memory, chip selection signals, and read 
and write signals from the controller, and con- 
trolling the second memory when temporarily 
storing the errorless MP3 data in the first mem- 
ory in order to decode the errorless data before 
transmitting the data to the MP3 decoder. 

3. The MP3 car player in claim 1 , wherein the periph- 
eral interface unit comprises: 

a display interface unit performing interface 
operations an displaying items such as titles of 
audio data or track numbers on the display unit; 
and 

a keypad interface unit controlling the opera- 
tions between the keypad and the controller, 
the operations including controlling keys which 
operate the CDs and CD-ROMs and selecting 
rows and columns of the keypad. 

4. The MP3 car player in claim 1 , wherein the control- 
ler unit comprises: 

a controller reading the data stored in the MP3 
file input unit, and displaying information of the 
audio data on the display device, and output- 
ting the data to the MP3 decoder according to 
input from the keypad; and 

a third memory storing instructions to drive the 
controller, address map information, and boot- 
strap signals to initialize the operation when 
power is supplied. 

5. The MP3 car player in claim 1, wherein the MP3 
decoder comprises: 

an MP3 interface unit handling the data 
received from the MP3 file input unit for each 



a speaker unit outputting the audio data in a 
format audible to the human ear; 30 

a file type detector reading source data of the 
CDs and CD-ROMs and determining whether 
the file of the data is an ordinary audio CD file 
or an MP3 audio file; 35 

an MP3 file input unit receiving the MP audio 
file detected from the file type detector, and 
detecting errors and temporarily storing the 
data in a first memory; 40 

an MP3 decoder receiving the MP3 data from 
the MP3 file input unit and restoring com- 
pressed data by use of a Huffman decoding 
method, and converting the data into pulse 45 
code modulation data; 

a controller unit reading the data stored in the 
MP3 file input unit, controlling the display unit 
and the keypad, and writing data to the MP3 50 
decoder; 

a peripheral interface unit controlling the con- 
trol signals between the display unit, the key- 
pad, and the controller unit; and 55 

a digital/analog converter receiving ordinary 
audio CD data from the file type detector or 
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serial bit; 

a control and status register controlling a 
response signal which conveys information of 
whether or not the data provided to the MP3 5 
interface unit have errors to the controller, and 
displaying an empty or full status of the pro- 
vided data; 

a fourth memory receiving serial data from the w 
MP3 interface unit and storing the data; 

a parser receiving data from a fifth memory and 
encoding the data using the Huffman decoding 
method; is 

an inverse modified discrete cosine transform 
unit performing inverse modified discrete 
cosine transform on the data encoded from the 
parser, and transforming the data into pulse 20 
code modulation data; 

a sixth memory temporarily storing the pulse 
code modulation data; and 

25 

a pulse code modulation interface unit receiv- 
ing the pulse code modulation data from the 
sixth memory and outputting the data to the 
digital/analog converter. 



55 



EP 0 999 549 A2 




EP 0 999 549 A2 



C/l 

r-r 
•\ 
fl) 

o 



D 



_-0D 




o 

CO 



c c 
o w 

h 

o CD 



EP 0 999 549 A2 



FIG. 3 



S120 



S100 



Reloading 



Yes 



C Start ) 




Ordinary CD File 



Transmitting Oata 
to D/A Converter 



S130^- Storing Data in th e Memory 

I ~ 

S140--I Perfoming Interface 

for Display and Keypod Control 



S15G- 



Restoring Compressed Data 
and Converting the Doto into 
Pulse Code Modulation Data 



S160- 



S170- 



I 



-S105 



Converting Digital Doto 
into Analog Data 

I 



Amplifying the Data and 
Outputting to Speaker 

C End ] 



Q 



♦ 



i m* rffiE BLANK (usptg) 



